Crude preparations of Desulfotomaculum nigrificans were found to reduce bisulfite to trithionate, thiosulfate, and sulfide. The bisulfite reductase of this organism was partially purified and observed to reduce bisulfite to trithionate as the major product and with thiosulfate and sulfide as minor products. The enzyme exhibited spectral properties identical to the carbon monoxide-reacting pigment (P582) isolated from this organism. It is concluded that the bisulfite reductase of D. nigrificans is P582 and that this organism utilizes a pathway which involves trithionate during the reduction of bisulfite to sulfide.
. Although these fractions were not characterized, one was observed to be a green pigment with spectral properties identical to desulfoviridin (9) . Lee and Peck (5) demonstrated that desulfoviridin from Desulfovibrio gigas was responsible for trithionate formation from bisulfite, and they designated this enzymatic activity as bisulfite reductase. Recently the desulfoviridin from D. vulgaris was purified and shown to contain bisulfite reductase activity (4) . The pathway of sulfite reduction to sulfide occurring in D. vulgaris was proposed by Kobayashi et al. (3, 4) to proceed through the sequence sulfite, trithionate, and thiosultate and terminating with hydrogen sulfide. To avoid any misunderstanding by the term "bisulfite reductase," in accordance with the definition proposed by Lee and Peck (5), bisulfite reductase activity is defined as the reduction of bisulfite (or sulfite) to trithionate.
Little is known about the sulfite-reducing system of Desulfotomaculum nigrificans, a thermophilic sulfate-reducing bacterium. Trudinger (13) isolated a brown, carbon monoxide-binding pigment (P582) from this organism which reduced sulfite directly to sulfide without the formation of any detectable intermediates. We observed that crude cell-free preparations from D. nigrificans formed trithionate and thiosulfate from bisulfite. Furthermore, when we tested a fractionated preparation containing Trudinger's P582 pigment, we observed that it contained bisulfite reductase activity. This communication reports the results of our study on a bisulfite reductase isolated from D. nigrificans which exhibits spectral properties identical to P582.
MATERIALS AND METHODS
Organism. D. nigrificans strain 8351 was grown and harvested as previously described (8) . Cells were stored as a wet paste at -20 C until ready to use.
Purification of bisulfite reductase. To 180 g (wet weight) of cells was added 0.1 M phosphate buffer (pH 7.0) to make a 50% suspension. Cells were disrupted in 50-ml batches by sonic oscillation with a Biosonik III (Bronwill Scientific) for 30-s at maximal intensity. The mixture was centrifuged at 27,000 x g for 20 min, and the supernatant fluid was decanted and saved. The sediment was extracted once by stirring with 100 ml of buffer for 10 min at 0 C. After centrifugation the supernatant fluids were pooled, and this represented the crude extract. The crude extract was centrifuged at 78,000 x g for 3 h to precipitate the black particulate material and resulted in a dark-brown supernatant fraction (USS (14) . Paper chromatography of inorganic sulfur compounds was performed as described by Trudinger (12) . The reaction mixture was transferred to a test tube, placed in a boiling-water bath for 3 min, and centrifuged, and the supernatant fluid was spotted on Whatman no. 1 chromatography paper. Absorption spectra were taken with a Cary 14 ratiorecording spectrophotometer. Polyacrylamide gel electrophoresis was performed as previously described. (11) .
RESULTS
Bisulfite reduction by crude preparations of D. nigrificans. The supernatant fraction (USS) obtained from the high-speed centrifugation of crude extracts was tested for its ability to reduce bisulfite. Table 1 shows that trithionate, thiosulfate, and sulfide were formed concomitantly with hydrogen utilization. For the reduction of bisulfite, the theoretical hydrogen equivalence values for trithionate, thiosulfate, and sulfide formation are 1, 2, and 3, respectively. The stoichiometry of the reaction presented in Table 1 suggests that D. nigrificans reduces bisulfite to sulfide by a pathway involving trithionate and thiosulfate as intermediate compounds.
Effect of bisulfite reductase concentration. The reduction of bisulfite was measured as a function of enzyme concentration. Table 2 shows that trithionate formation by bisulfite reductase was dependent upon enzyme concentration. Although thiosulfate and sulfide, in addition to trithionate, were formed the accumulation of these products was not reflected in enzyme concentration as was trithionate. Paper chromatographic analysis for the inorganic sulfur compounds formed in this experiment showed trithionate to be the main component. A spot corresponding to thiosulfate was also observed; however, tetrathionate was not formed. Effect of time on bisulfite reduction. The formation of products arising from bisulfite reduction was observed to increase with increasing incubation times (Table 3) . Although all of the products increased, the quantity of trithionate that accumulated ranged from three to seven times greater than either thiosulfate or sulfide. The formation of products other than trithionate by desulfoviridin was also reported for the same enzyme isolated from D. vulgaris (4) . Our preparation of bisulfite reductase from D. nigrification did not reduce trithionate to thiosulfate; however, this enzyme contained thiosulfate reductase activity. A possible explanation for this is presented below.
Spectral properties of D. nigrificans bisulfite reductase. The absorption spectrum of oxidized bisulfite reductase was observed to be similar, if not identical, to the CO-binding pigment (P582) isolated by Trudinger (13) . Because of this similarity, we partially purified P582 by the method of Trudinger (13) . This preparation formed trithionate from bisulfite when tested by our assay procedure. Since we could not obtain the yield of P582 which was reported (13), our method of bisulfite reductase preparation was used throughout this study. The yield of enzyme protein from USS protein by this procedure ranged from 0.3 to 0.5%. Figure 1 shows the oxidized and dithionitereduced bisulfite reductase of D. nigrificans. In the oxidized state, the enzyme contains maximal peaks at 582, 392, and 280 nm. Treatment with dithionite shows a reduction of the 582-nm peak and a shoulder at 390 nm. Figure 2 shows the spectrum of the enzyme reduced with dithionite and treated with carbon monoxide. Two major peaks are evident at approximately 595 and 405 nm, with a minor peak at 550 nm.
These spectra are similar to those reported for the P582 pigment from D. nigrificans by Trudinger (13) .
The purity of bisulfite reductase, using the criterion of Trudinger (13), was followed by measuring the 280/392-nm value. The ASI, ASII, ASIII, and ASIV ratios were 2.36, 2.44, 2.33, and 2.20, respectively. Polyacrylamide gel electrophoresis patterns of these preparations showed one major band with a slightly diffused layer migrating behind it and a faint faster migrating band which was present only in analyses containing higher concentrations of enzyme.
DISCUSSION
The dissimilatory sulf'ate-reducing bacteria D. vulgaris and D. gigas contain a green pigment, desulfoviridin, which reduces bisulfite to trithionate (4, 5 (4) , and the data presented in this communication appear to concur with these workers.
